Many features of virus populations make them excellent candidates for 23 population genetic study, including a very high rate of mutation, high levels of 24 nucleotide diversity, exceptionally large census population sizes, and frequent 25 positive selection. However, these attributes also mean that special care must 26 be taken in population genetic inference. For example, highly skewed 27 offspring distributions, frequent and severe population bottleneck events 28 associated with infection and compartmentalization, and strong purifying 29 selection all affect the distribution of genetic variation but are often not taken 30 into account. Here, we draw particular attention to multiple-merger coalescent 31 events and background selection, discuss potential mis-inference associated 32 with these processes, and highlight potential avenues for better incorporating 33 them in to future population genetic analyses. 34 35 36 42 antiviral treatment. However, despite these desired attributes, standard 43 population genetic models must be used with caution when making 44 evolutionary inference. 45 46 Firstly, population genetic inference is usually based on a coalescence model 47 of the Kingman type, under the assumption of Poisson-shaped offspring 48 distributions where the variance equals the mean and is always small relative 49 to the population size; consequently, only two lineages may coalesce at a 50 time. In contrast, viruses have highly variable reproductive rates, taken as 51 rates of replication; these may vary based on cell or tissue type, level of 52 cellular differentiation, or stage in the lytic/lysogenic cycle (Knipe and Howley, 53 2007), resulting in highly skewed offspring distributions. This model violation 54 is further intensified by the strong bottlenecks associated with infection and by 55 strong positive selection (Neher and Hallatschek, 2013). Therefore, virus 56 genealogies may be best characterized by multiple merger coalescent (MMC) 57
Introduction
Viruses appear to be excellent candidates for studying evolution in real time; 39 they have short generation times, high levels of diversity often driven by very 40 large mutation rates and population sizes (both census and effective), and 41 they experience frequent positive selection in response to host immunity or and high frequency variants because of these branch lengths (Eldon and 170 Wakeley, 2006; Blath et al., 2016) , generating a more negative Tajima's D 171 (Birkner et al., 2013) . With similar migration and population size, alleles fix at 172 a higher rate per population in the MMC than under the Kingman coalescent, 173 and thus higher F ST is expected between subpopulations (Eldon and Wakeley, For instance, Eldon and Wakeley (2006) showed that for Pacific oysters, 186 which have been argued to undergo sweepstake-like reproductive events 187 (Hedgecock, 1994a) , the estimated population-wide mutation rate θ inferred 188 under the Kingman coalescent is two orders of magnitude larger than that 189 obtained from the ψ-coalescent (see below) -9 vs 0.0308, respectively -and, 190 indeed, provides a poor fit to the data. Figure 3A ), suggesting that only a few viruses higher-order frequency classes) typically differ, which can be assessed by The joint modeling of the effects of genetic drift and positive selection,
348
including in experimental evolution studies of virus populations, has improved 349 our ability to distinguish adaptive from neutral mutations by minimizing the 350 chance that the rapid fixation of a neutral allele is incorrectly interpreted as 351 strong positive selection (Li et al., 2012; Foll et al., 2014) . However, there is 352 another process that must be incorporated if we are to fully understand 353 mutation trajectories in virus populations: background selection (BGS). 
